We have studied arterial baroreeeptor reflexes in the conscious rabbit after bilateral electrolytic lesions of the ventrolateral medulla, coinciding with the Al group of catecholamine cells. Baroreflex function was determined from the changes induced in heart period and distal aortic blood flow in response to graded alterations in mean arterial pressure produced by inflation of balloon occluders around the thoracic inferior vena cava and the upper abdominal aorta. Distal aortic blood flow was determined using a Doppler ultrasonic flowmeter placed around the lower abdominal aorta. There were no •ignificant changes in baroreflex function in sham-operated animals in which electrodes were inserted without the passage of current. The gain of the baroreceptor-heart period curves was reduced by approximately 50% at 40 minutes, 4 hours, and 24 hours after the lesions, compared to preoperative values and to values at corresponding times in sham-operated animals, but was restored to control levels 2 weeks after the lesions. Ventrolateral medullary lesions therefore destroy neurons that normally act to facilitate the baroreceptor-heart period reflex, though it is clear that other neurons not affected by the lesions also participate in the reflex. Bilateral ventrolateral medullary lesions produced a greater than 50% reduction in the gain of the mean arterial pressure-distal aortic flow curves evident throughout the 2-week observation period, indicating a persistent severe attenuation in the sensitivity of the baroreceptor-vanoconstriction reflex, similar in magnitude to that obtained after peripheral a-adrenergic blockade. It is our hypothesis that the persistent loss of the baroreceptorvasoconstriction reflex results from destruction of Al noradrenergic nerves that normally act in concert with the afferent connections of arterial baroreceptor reflexes to inhibit sympathetic vasoconstrictor tone and that the temporary loss in sensitivity of the baroreceptor-heart period reflex is caused by destruction of Al neurons th»t participate in the control of heart rate. Circ Res 49: [959][960][961][962][963][964][965][966][967][968][969][970] 1981 
THERE is general agreement that the central processes of afferent neurons from the arterial baroreceptors enter the dorsolateral medulla and terminate in the nucleus tractus solitarius both ipsilaterally and contralaterally (Palkovits and Zaborszky, 1977; Loewy and McKellar, 1980) . Although the nucleus tractus solitarius is rich in catecholamine nerve endings and cell bodies, it is established that the primary afferent baroreceptor fibers terminating there are not catecholaminergic (Palkovits and Zaborszky, 1977) , and recent evidence suggests that the neurotransmitter utilized may be either substance P (Helke et al., 1980) or possibly L-glutamate (Talman et al., 1980a) . Neurons from the nucleus tractus solitarius project rostrally to the pons and hypothalamus, caudally to the spinal cord, and locally to neighboring structures, such as the dorsal motor nucleus of the vagus and the ventrolateral medulla, but the neurons carrying baroreceptor information and the transmitters they utilize remain undefined.
There are two main groups of catecholaminecontaining nerve cells in the medulla oblongata, the Al group in the ventrolateral medulla and the A2 group in the dorsomedial medulla (Dahlstrom and Fuxe, 1964; Palkovits and Jacobowitz, 1974; Blessing et al., 1978) . However, there is much controversy as to whether the activity of projections from these cells serves to increase or decrease arterial pressure, and whether any of the projections constitute integral components of the arterial baroreceptor reflex arc (Chalmers and Wurtman, 1971; Coote and McLeod, 1974; Neumayer et al., 1974; Doba and Reis, 1974; Chalmers, 1975; Hauesler, 1977; De Jong et al., 1977; Komer et al., 1978) . Korner and Colleagues (1979) recently have confirmed that destruction of central catecholaminergic neurons with intracisternal 6-hydroxydopamine causes a longlasting impairment in the baroreceptor heart period reflex in the rabbit.
The A2 group of catecholamine nerve cells is located mainly within the nucleus tractus solitarius and contributes to its rich catecholamine innervation (Palkovits and Zaborszky, 1977) . Electrolytic VOL. 49, No. 4, OCTOBER 1981 lesions of the nucleus tractus solitaxius destroying all its component structures produce a form of neurogenic hypertension and abolish arterial baroreceptor reflexes (Doba and Reis, 1974) . More selective electrolytic lesions destroying the A2 neurons that lie in the medial and commissural portions of the nucleus tractus solitarius in the rat produce a transient hypertension with marked lability of blood pressure, and also attenuate arterial baroreflexes (TaLman et al., 1980b) : destruction of the noradrenaline innervation of the nucleus tractus solitarius by microinjection of 6-OHDA into the nucleus also causes a transient hypertension, increased lability of pressure, and a reduction in the sensitivity of arterial baroreflexes (Snyder et al., 1978) .
We have recently found that lesions of the ventrolateral medulla coinciding with the Al group of catecholamine cells produce a syndrome of acute hypertension, bradycardia, and pulmonary oedema in the conscious rabbit (Blessing et al., 1981) . Many animals die within hours of having the lesion. Although the hypertension is only transient, there is a persistent increase in peripheral resistance similar to that seen after deafferentation of the arterial baxoreceptor reflexes (Chalmers et aL, 1965; Doba and Reis, 1974) . In the present study we report the effects of these lesions in the ventrolateral medulla on the baroreceptor-heart period reflex and on the baroreceptor-vasoconstriction reflex in the unanesthetized rabbit.
Methods
New Zealand white rabbits weighing approximately 2 kg were used for these experiments. At a preliminary operation carried out under halothane anesthesia after induction with propanidid (Epontol, Bayer, 30 mg/kg iv), a Doppler ultrasonic cufftype blood flow transducer (inner diameter = 4 mm) was placed around the lower abdominal aorta through an abdominal incision. At the same time, an inflatable balloon occluder was placed around the abdominal aorta just below the diaphragm. A second inflatable balloon occluder was placed around the thoracic inferior vena cava through a right thoracic incision using assisted ventilation. The wires from the blood flow transducer, and the tubing from the balloon occluders, were buried subcutaneously in the back for subsequent use. Assessment of baroreceptor reflex function was made in conscious animals 2 weeks later. Bilateral electrolytic lesions were then made in the ventrolateral medulla at three levels, obex, 1 mm caudal, and 2 mm caudal to the obex, under stereotaxic control. This operation was carried out under halothane anesthesia and using mechanical ventilation, as fully described in the accompanying paper (Blessing et al., 1981) . After surgical repair and cessation of halothane anesthesia, measurements of baroreceptor reflex function were made in conscious animals during an early phase (20 minutes to 1 hour), and repeated at 4 hours, on the day after the production of the lesions, and at 2 weeks. For the first 2-3 postoperative days, lesioned animals required intragastric tube feeding. Surviving lesioned animals were able to eat and drink normally 7 days after surgery; however, they were not as active as normal animals. Sham-operated animals appeared normal in every way after the second postoperative day. After the last set of measurements in each rabbit, the brain was removed and processed for histochemical assessment of the lesion site as previously described (Blessing et al., 1981) .
Measurement of Circulatory Variables
On the day of each study, the skin of the ear was infiltrated with 0.5% lignocaine, and polyethylene catheters were inserted into the central ear artery for the measurement of arterial blood pressure and into the central ear vein for the administration of drugs. The subcutaneous wires of the Doppler flow probe were connected to the flowmeter (Baker Institute) and the rabbit allowed to rest in a box for about 1 hour before the start of recording. Phasic arterial pressure and mean arterial pressure (mm Hg) were measured using a Statham P23D strain gauge and recorded on a Grass polygraph. Heart period (msec) was obtained by direct measurement of the interval between four successive beats on the arterial blood pressure trace. Distal aortic blood flow (kHz, Doppler shift) was measured using the Doppler ultrasonic flow meter consisting of the cuff transducer previously placed around the lower abdominal aorta, a flowmeter, and a frequency-tovoltage converter (Baker Institute). The flow transducer was tuned as described previously and the sensitivity adjusted with the aortic balloon occluder to set zero aortic flow (Blessing et al., 1981) . Vascular resistance in the distal aortic bed was calculated as mean arterial pressure/distal aortic blood flow (mm Hg/kHz).
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Assessment of Baroreceptor Reflex Function
The baroreceptor heart period reflex in each rabbit was characterized at each assessment period using a series of 8-16 pairs of graded inflations of the aortic and inferior vena caval balloon occluders at 5-minute intervals (Fig. 1 ). This resulted in a series of graded rises or falls in central arterial pressure. The "steady state" responses in heart period were measured when the steady state was reached, 5-10 seconds after aortic balloon inflation and 10-15 seconds after vena caval balloon inflation (Korner et al., 1973) . The characteristics of the baroreceptor heart period reflex at each assessment period were then determined by a modification of the method used by Korner et al. (1973) . In the present study, values for mean arterial pressure (MAP) and heart period (HP) before and after each balloon inflation were fitted directly to the logistic function (equation for S-shaped curve),
where a, b, c, and d are parameters of the function derived from the data using non-linear least squares regression analysis (Kent et aL, 1971) . For each individual rabbit, these parameters then were used to characterize the reflex in terms of the heart period range (b), the gain of the reflex at the midpoint of the range ( -bc/4) and the blood pressure at the mid-point of the range (d), avoiding the need to apply a probit transformation to the data as done by Korner et al. (1973) to linearize the sigmoid stimulus-response barorefiex relationships ( Fig.  2A) . To obtain the average curve for a group of 
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FIGURE 3 MAP-heart period stimulus response curves during the preoperative control period, during the immediate postoperative period (40 minutes) following brain lesions, and in sham-operated control animals at this time. Mean resting arterial pressure and heart period are indicated by the symbols O, • , A. Statistical analysis of data shown in these curves is given in Tables  1 and 3. rabbits, the mean of each parameter was calculated, and these values were then substituted into the logistic function above, to generate the stimulus response curves shown in Figures 3 and 4 .
Assessment of the function of the baroreceptorvasoconstriction reflex was carried out by comparison of the mean arterial pressure-distal aortic blood flow stimulus response relationship obtained in normal animals and in animals after total autonomic neural block. Stimulus response curves were constructed by measuring the change in distal aortic blood flow (A F) during a fall in central mean arterial pressure (A MAP) induced by reducing venous return with graded inflation of the vena caval balloon. Since occlusion of the aortic balloon would have produced direct reduction in flow in the distal aortic bed below the occlusion, we were not able to examine the reflex changes in distal aortic flow in response to a rise in central MAP. The analysis therefore is derived solely from data obtained with the caval balloon (Figs. 5 and 6) and corresponds to the lower half of the sigmoid stimulus response curves obtained for analysis of the baroreceptor-heart period reflex. In the absence of change in caliber of vessels in the distal aortic bed mediated by regulatory mechanisms, we could predict that reductions in distal aortic flow and in mean arterial pressure produced by vena caval oc-clusion should be linearly related. In fact, the linearity of this relation seems to depend on whether measurements of flow and pressure are made instantaneously after the fall in pressure or in the steady state-seconds to minutes after the fall in pressure. With instantaneous measurements made before regulatory mechanisms have exerted their effects, a linear arterial pressure-flow stimulus response curve is generated along with a positive intercept on the pressure axis at zero flow (Ehrlich et al., 1980) . A similar straight line relationship was obtained in some of the present experiments when measurements of arterial pressure and distal aortic flow were made within 5 seconds of balloon inflation. Steady state stimulus response curves relating arterial pressure and distal aortic flow were constructed by taking measurements of pressure and flow 15-20 seconds after the onset of the stimulus. At this time, when the effects of regulatory mechanisms are being expressed (Ehrlich et al., 1980) , we found that the pressure-flow relationship was curvilinear (Figs. 5 and 6), as in previous studies where measurements were made 30 seconds to some minutes after reduction in pressure (Levy and Share, 1953) . The characteristics of the mean arterial pressure-distal aortic flow relationship at each assessment period were determined in each animal by fitting A MAP and A F to the exponential function A F = a(l -e~b A MAP ) where a and b are parameters of the function derived from the data using nonlinear least squares regression analysis. These parameters characterize the stimulus response curve in terms of the range of the vasoconstriction response (a) and the gain of the response at the mean resting arterial pressure and mean resting flow (ab, Fig. 2B ). We have used an exponential function as a first approximation to the curvilinear relationship between A MAP and A F following graded vena caval balloon inflations, whereas previous workers have used logarithmic transformations of both pressure and flow to Linearize this relationship (Levy and Share, 1953) .
Administration of Drugs
In some animals, the baroreceptor-vasoconstriction reflex was studied after "total autonomic block" produced using methylscopolamine, phenoxybenzamine, and propranolol. Phenoxybenzamine was given in three injections of 0.5 mg/kg, iv, at 4-minute intervals, a regime that has been shown to produce effective a-adrenoceptor blockade in the rabbit, and which was tested in each individual animal of the present series by the administration of 3 fig of norepinephrine, iv, before and after studying the vasoconstriction reflex. Methylscopolamine was given at an initial dose of 50 iMg/kg, iv, supplemented by 25 /Jg/kg every 30 minutes, in order to block cholinergic effector mechanisms. Propranolol was given in an initial dose of 0.5 mgAg, iv, followed by an infusion of 100 jug/ 
Statistical Methods
The significance of the changes in the different circulatory variables following lesions was assessed by analysis of variance using randomized block design (Wallenstein et aL, 1980) . The mean gain, heart period range, and median blood pressure characteristics of the baroreceptor heart period reflex ( Fig. 2A ) and the mean gain and vasoconstriction range of the pressure-flow stimulus response curves (Fig. 2B ) were calculated as mean ± SEM from the individual animal characteristics at each pre-and post-lesion assessment period using analysis of variance in the same way (Wallenstein et al., 1980) . Stimulus-response curves relating blood pressure to either heart period or distal aortic flow at each preand post-lesion period were drawn using the calculated mean characteristics. Comparisons between values obtained before lesions and at various times after lesions or sham operations were carried out using the Bonferroni procedure (Wallenstein et al., 1980) .
Results
There were no significant differences in the resting preoperative values for blood pressure and heart period of all the different groups of animals used for analysis of the baroreceptor heart period reflex after either lesions or sham operations (Table 1 ). In the same way, there were no significant differences in the preoperative resting values for arterial pressure, distal aortic flow, and distal aortic vascular resistance obtained in the different groups of animals used for comparison of the baroreceptor-vasoconstriction reflex before and after lesion or sham operations (Table 2 ). In animals subjected to lesions of the ventrolateral medulla, there was a transient VOL. 49, No. 4, OCTOBER 1981 FIGURE 5 MAP-distal aortic blood flow stimulus response curves before and after total autonomic blockade in preoperative control animals (left panel) and 2 weeks after lesions or sham operations (right panel). The shaded area in the left hand panel indicates the difference in flow for a given fall in arterial pressure between normal preoperative control animals and the same preoperative control animals after total autonomic block. This difference in flow reflects the range of vasoconstriction available through baroreflex mechanisms. The shading is reproduced in the righthandpanel to indicate that the loss of baroreflex-mediated vasoconstriction 2 weeks after lesions is similar to the loss induced by total autonomic block. Statistical analysis for these experiments is given in Table 4 .
increase in blood pressure and heart period (Table  1) , and a long-lasting increase in distal aortic vascular resistance (Table 2) , in agreement with previous data (Blessing et al., 1981) .
Effect of Ventrolateral Medullary Lesions on Arterial Pressure-Heart Period Curves
The parameters describing the baroreceptorheart period curve for each separate group of rabbits are given in Table 3 . The characteristics of the curve for all preoperative animals (both those later subjected to lesions and those that had sham operations) are given in Table 3 as a "preoperativecombined groups curve," and this curve is drawn in Figure 3 for reference.
Baroreceptor heart period curves obtained at various times up to 2 weeks after a sham operation were not significantly different from one another or from preoperative control curves, except for the 4hour post-sham curve in which there were some minor differences compared to preoperative values (Table 3 ; Figs. 3 and 4) . Forty minutes after ventrolateral medullary lesions, during the peak hypertensive response, the average resting heart period was markedly raised (Table 1) so that the whole curve was displaced upward (Fig. 3) . In addition, the gain was reduced (Table 3 ) so that the curve was noticeably flattened (Fig. 3) . Four hours after the lesions, the gain was still reduced compared to preoperative values and to the gain in sham-operated animals ( Table 3) , but the average heart period was almost back to control levels (Table 1) so that the curve was almost back to its preoperative position on the Y-axis, although it was still flattened (Fig. 4: top  right) . One day after the lesions, the gain was still reduced so that the curve was still flat, but otherwise back to normal (Fig. 4: bottom left) . However, 2 weeks after the lesions, all curve parameters, including the gain, were back to preoperative control values, and the curve was no longer significantly different from that observed before the operation, or from that in sham-operated rabbits (Table 3; All data shown were obtained from aniroalfi lined to derive arterial preseure-heart period curves. Values are means ± SEM; SEM calculated from analysis of variance, n = number of animals.
* P < 0 05 for comparison between preoperative and postoperative lesion values.
Effect of Ventrolateral Medullary Lesions on Arterial Pressure-Distal Aortic Blood Flow Curves
The parameters describing the pre-and postoperative curves for all groups of rabbits are given in Table 4 . Preoperative "combined groups curves" have again been obtained using the preoperative control values from all rabbits used in this series whether they subsequently had a lesion or a sham operation (Table 4) , and this curve is shown in Figure 5 for reference. The parameters for arterial pressure-distal aortic flow curves obtained at different postoperative times in sham-operated animals were not significantly different from one another, from their respective preoperative control curves, or from the preoperative "combined groups curve" (Table 4 ; Figs. 5 and 6).
After total autonomic blockade produced by the administration of phenoxybenzamine, propranolol, and methylscopolamine, there was a slight reduction in mean arterial pressure and distal aortic vascular resistance in normal rabbits ( Table 2 ). The gain after total autonomic blockade was significantly reduced (Table 4) , and the resultant curves were much flatter and straighter (Fig. 5) .
Arterial pressure-distal aortic flow curves obtained 4 hours, 1 day, and 2 weeks after lesions in the ventrolateral medulla all were flatter and straighter than their respective preoperative control curves (Fig. 6 ) reflecting a reduction in the gain of the pressure-flow relationship (Table 4 ). This reduction in the slope of the relationship persisted for the 2-week period of observation and, at 2 weeks, the curves obtained were not significantly different from those seen in animals with total autonomic blockade (Table 4 ; Fig. 5, right ).
Discussion
Lesions of the ventrolateral medulla, coinciding with the Al group of catecholamine neurons, caused an acute impairment of arterial baroreceptor reflexes regulating both the heart and the blood vessels, and a long-lasting attenuation of baroreflex vasomotor control (Fig. 7) . The experiments confirmed the findings of an accompanying series (Blessing et al., 1981 ) that these ventrolateral medullary lesions produce acute hypertension and bradycardia, with a long-lasting increase in vascular resistance (Tables 1 and 2) . All data shown were obtained from animalj used to derive arterial pressure-diBtal aortic flow curves. Values are means ± SEM; SEM calculated from analysis of variance, n -number of animals.
" P < 0.06 for comparison of value* before and after lesion*, and before and after total autonomic block. VOL. 49, No. A, OCTOBER 1981 
Baroreceptor-Heart Period Reflex
The baroreceptor-heart period reflex was analyzed from the relationship between arterial pressure and heart period produced by graded inflations of balloon occluders previously implanted around the upper abdominal aorta and the inferior vena cava. Immediately after the lesions, at a time coinciding with the maximum bradycardia, the baroreceptor heart period curve was elevated along the Yaxis and had a reduced gain or slope (Fig. 3) . The elevation of the curve along the Y-axis, with similar shift in upper and lower plateau values (106 msec: Fig. 8) , represents a baro-independent increase in the mean level of the heart period. This slowing of the heart is independent of the other parameters describing the curve, such as threshold, gain, and heart period range, and indicates changes mediated through destruction of neurons that are quite in-dependent of the arterial baroreceptor reflexes as illustrated in Figure 8 (Korner et al., 1973) . This baro-independent component of the bradycardia is most marked in the first hour after making the lesions (Fig. 3) and is only barely discernible at 4 hours ( Fig. 4: top right) ; it is completely reversed at 1 day (Fig. 4: bottom left) .
On the other hand, the increase in pressure after the lesions would be expected to evoke a bradycardia through activation of arterial baroreflexes. Given that the average resting pressure rose from 79 to 100 mg Hg after the lesions, the magnitude of this baro-dependent component of the bradycardia would have been expected to be 110 msec (Fig. 8) if the slope of the baroreceptor heart period curve had remained unchanged from the preoperative curve (dotted curve in Fig. 8 ). However, the magnitude of this baro-dependent component of the change in heart period was only 64 msec [total shift ' P < 0.05 for comparison between values before and after lesions and values before and after total autonomic block minus baro-independent shift (i.e., 170 minus 106)]. Thus the flattening of the pressure-heart period curve represents a loss of sensitivity of the baroreceptor heart period reflex and results in a smaller bradycardia than expected. This loss in sensitivity of the reflex is evident at 40 minutes, 4 hours, and 1 day after the lesions but is completely reversed by 2 weeks (Fig. 7) . Thus it seems that the ventrolateral medullary lesions destroy neurons that normally act to facilitate the baroreceptorheart period reflex. Given the magnitude of the changes observed, it seems likely that they are at least in part mediated through the vagus, since previous work has shown that the vagus contributes over 70% of the efferent control of heart rate through baroreflexes in the rabbit (Komer et al., 1973) . The incomplete and temporary nature of the reduction in sensitivity of this reflex indicates that other groups of central neurons must also play a significant role in its operation. Thus the lesions destroyed two populations of neurons with opposing actions on the heart rate: the bradycardia is predominantly caused by destruction of neurons that normally act independently of the arterial baroreflexes to inhibit cardiac slowing; the lesions also destroyed central neurons that normally participate in baroreceptor reflexes to facilitate cardiac slowing in response to increases in pressure, and thus attenuated the magnitude of the expected bradycardia. We have no direct evidence to discern whether these effects of the lesions on the baroreceptor heart-period reflex are mediated through effects on the Al catecholamine neurons or through actions on other neurons interspersed among them in the ventrolateral medulla. However, they are in many ways similar to the transient bradycardia noted by Korner et al. (1978) after intracisternal administration of 6-hydroxydopamine in conscious rabbits.
Baroreceptor-Vasoconstriction Reflex
The steady state change in flow following a fall in arterial pressure was greater than could be predicted on the basis of a purely passive and therefore linear relationship-particularly with small changes in pressure (Figs. 5 and 6) . The pressure-flow curve in normal animals in the present studies reflects the summation of the passive reduction in flow due to decreased perfusion pressure, together with additional reduction in flow resulting from increased sympathetic vasoconstriction mediated through baroreceptor reflexes. There may also be autoreg- The vertical shift in the response curve of the lesioned animals is due to both baro-dependent and baro-independent effects, as fully explained in text. VOL. 49, No. 4, OCTOBER 1981 ulatory effects (Ehrlich et al., 1980) . Obstruction to venous return, which has been shown to decrease hindlimb blood flow (Girling, 1952) , did not seem to be a major factor in the fall in iliac flow during thoracic vena caval balloon inflation, since abdominal vena caval pressure during balloon inflation was only marginally elevated (2-3 mm Hg) above resting venous pressure. Under conditions of total autonomic block, induced to abolish baroreflex-mediated increases in vasoconstrictor tone, we found that the relationship between fall in pressure and fall in flow was approximately linear (Fig. 5, left) . Levy and Share (1953) and Levy et al. (1954) reported similar changes to linear pressure-flow curves after either peripheral sympathetic denervatdon or afferent baroreceptor denervation, respectively. Thus the difference between the control stimulus response curves and the relationship obtained after a blockade represented by the shaded areas in Figure 5 indicates the range of vasoconstriction available through the baroreceptor reflexes. The infusions of phenoxybenzamine were given at the slowest rate and lowest dose consistent with effective a blockade so as to minimize the reduction in resting mean arterial pressure, and maintain it close to values pertaining in control animals ( Table 2 ). The resting preoperative pressures in all the other groups of animals, both shamoperated and lesioned animals, were very similar ( Table 2) .
In rabbits with lesions of the ventrolateral medulla, the gain of the baroreceptor-vasoconstriction reflex was reduced (Table 4) , as can be seen from the flatter slopes of the pressure-flow curves in Figure 6 . Comparison of groups of rabbits 4 hours, 1 day, and 2 weeks after lesions with their matching sham-operated controls ( Table 4 , Fig. 6 ) shows that the relationship between fall in pressure and fall in flow is much flatter and straighter, indicating loss of sensitivity of the reflex and reduction in the magnitude of vasoconstriction that can be elicited in the lesioned animals. This severe attenuation of the baroreceptor-vasoconstriction reflex persisted and, at 2 weeks, the pressure-flow curve in lesioned animals approached that obtained in the a-blocked rabbits (Fig. 5) .
Lesions of the ventrolateral medulla, coinciding with the Al catecholamine neurons, caused a longlasting increase in peripheral resistance (Table 2) , together with a persistent severe attenuation of the baroreceptor-vasoconstriction reflex (Fig. 7) . These findings are similar to the results obtained after deafferentation of the arterial baroreceptors produced by section of the buffer nerves or lesions of the nucleus tractus solitarius (Chalmers et al., 1965; Doba and Reis, 1974) . It seems likely that the ventrolateral medullary lesions destroy neurons that normally act in concert with afferent connections of the arterial baroreceptor-vasoconstriction reflexes to inhibit sympathetic vasoconstrictor tone.
Role of A l Neurone in Ventrolateral Medulla and Comparison with A2 Neurons in Dor8omedial Medulla
Lesions of the ventrolateral medulla of the rabbit coinciding with the Al catecholamine cells (current study) and lesions of those portions of the nucleus tractus solitarius that coincide with the A2 catecholamine cells in the dorsomedial medulla of the rat (Talman et al., 1980b) produce cardiovascular effects with many striking similarities. Both cause a transient increase in pressure and both cause a short-lived bradycardia (cf. Tables 1 and 2 of present study with Talman et al., 1980b, Table 1 ). Both types of lesions interfere with arterial baroreceptor reflexes, though in different ways. The A2 lesions attenuated the cardiovagal component of the baroreceptor-heart rate reflex, but apparently did not affect the sympathetic components of the baroreflex either to the heart or to blood vessels (Talman et al., 1980b) . On the other hand, the Al lesions reported here caused a long-lasting attenuation of the sympathetic vasoconstrictor component of the baroreflex and a short-lived depression of the cardiac elements of the reflex. The A2 lesions caused a permanent increase in lability of arterial pressure without a chronic change in the level of mean arterial pressure; however vascular resistance was not measured (Talman et al., 1980b) . The Al lesions reported here caused a long-lasting increase in vascular resistance without any chronic change in mean arterial pressure; however lability of pressure was not assessed.
Since both the Al (Ungerstedt, 1971 ; Blessing, Furness, Costa, West, and Chalmers, submitted for publication) and the A2 neurons (Palkovits and Zaborszky, 1977) appear to innervate the nucleus tractus solitarius, it is interesting to note the effects of selective destruction of the catecholamine innervation of the nucleus in the rat (Snyder et al., 1978) . These authors found that the injection of 4 jug of 6hydroxydopamine into the nucleus tractus solitarius caused a transient elevation of both blood pressure and heart rate, an increase in the lability of arterial pressure, and a reduction in the sensitivity of the baroreceptor-heart rate reflex: the function of the baroreceptor-vasoconstriction reflex was not tested. It is therefore possible that A2 neurons innervating the nucleus tractus solitarius contribute to the cardiac elements of the baroreceptor reflex as well as to elements.that function through phasic control systems stabilizing the pressure, as suggested by Talman et al. (1980b) , whereas the Al neurons projecting toward the nucleus tractus solitarius and the dorsal motor nucleus of the vagus might contribute not only to cardiac components of the baroreflex, but also to the tonic sympathetic vasoconstrictor elements of baroreceptor function. The contribution of Al neurons to phasic control systems stabilizing the pressure has not been as-sessed. Therefore, it seems possible that both the Al and A2 neurons act in concert with the arterial baroreceptor reflexes, each contributing to some common and some different elements of baroreceptor reflex function.
Many non-catecholamine neurons are interspersed among both the Al group and the A2 group of catecholamine neurons in the medulla, and it is entirely possible that some of the effects on baroreceptor reflex function described after electrolytic lesions coinciding with these two groups of neurone result from damage to neurons using other neurotransmitters. The evidence suggesting that the effects result from destruction of the Al noradrenergic neurons is in part dependent on the effects of micro-injection of kainic acid, since this substance, whose action is specific for cell bodies, produced hypertension and bradycardia comparable to that seen after electrolytic lesions (Blessing et al., 1981) . Other evidence comes from the analogous effects seen in destruction of the catecholaminergic innervation of the nucleus tractus solitarius (Snyder et al., 1978) , toward which the Al neurons project, as discussed above, and from similarities with the experiments of Korner and colleagues (1978 and 1979) , who demonstrated transient hypertension and bradycardia and chronic deficits in baroreflex function after intracisternal administration of 6-OHDA. Furthermore, Korner and Head (1981) have recently demonstrated that after intracisternal administration of 6-hydroxydopamine there is a transient fall of pressure lasting 1-2 hours attributable to intrameduUary release of transmitter noradrenaline, a finding consistent with the transient hypertension we obtain with destruction of the Al neurons. It should be appreciated that the Al catecholamine neurons project to the hypothalamus (Day et al., 1980) , and possibly to the locus coeruleus (Sakai et al., 1977) : some of the effects of our lesions could well result from damage to these projections. Some of the cardiovascular effects of our lesions could also be attributed to loss of spinal projections of the Al neurons, in accord with the suggestions of Coote and McLeod (1974) , who reported that electrical stimulation of bulbospinal neurons in the ventrolateral medulla has a vasodepressor effect and attributed this effect to the Al neurons. However, recent evidence suggests that cell bodies of most catecholamine neurons descending to the spinal cord are located more rostrally in the brainstem (Nygren and Olson, 1977; Commissiong et al., 1978; Loewy and McKellar, 1980) and that very few neurons descend into the cord (Loewy and McKellar, 1980; Blessing et al., in press) ; it is possible that Coote and McLeod (1974) were stimulating axons passing through the ventrolateral medulla, rather than the cell bodies of the Al neurons.
It is our hypothesis that the persistent loss of the baroreceptor vasoconstriction reflex results from destruction of Al noradrenaline nerves that nor-mally participate in the afferent connections of the baroreceptor reflex to inhibit sympathetic vasoconstrictor tone, and that the temporary attenuation of the baroreceptor heart period reflex is caused by destruction of Al neurons that normally participate in baroreflex control of heart rate.
